Objectives. This study analyzed short-term prognosis in patients with acute low frequency hearing loss (ALHL), and also investigate hearing recovery rates in patients with ALHL accompanied vertigo.
INTRODUCTION
Acute low frequency hearing loss (ALHL) was first described in 1981 as a sensorineural hearing loss confined to low frequencies and accompanied by tinnitus, autophonia and/or ear fullness [1] . The pathophysiologic mechanisms of ALHL are similar to those of sudden hearing loss, and the condition has been associated with cochlear hydrops and early stages of Meniere's disease [2] .
Most patients with ALHL complain of hearing change, ear fullness or tinnitus rather than of hearing loss, and the short-term prognosis of ALHL has been reported to be better than that of sudden sensorineural hearing loss (SSHL). However, despite the clinical significance of progression of ALHL to Meniere's disease and of the recurrence of hearing loss, their pathophysiologic mechanisms remain unclear [3, 4] . One of the main symptoms of Meniere's disease is episodic vertigo, accompanied by low frequency hearing loss. Alternatively, early stages of Meniere's disease may be characterized by hearing loss followed by vertigo, with clinical characteristics similar to those of ALHL, making their differential diagnosis difficult [5] .
Despite numerous investigations of the pathophysiology and treatment of ALHL, there are to date no established diagnostic criteria or treatment guidelines for this condition. Most patients with ALHL without vertigo are treated with oral or intratympanic steroids [6, 7] , although some may be treated with diuret-ics, either alone or with oral steroids [8] [9] [10] . The optimal initial treatment for ALHL patients with vertigo has not yet been determined, nor has whether this condition should be differentiated therapeutically from Meniere's disease. Moreover, it is unclear whether the co-occurrence of vertigo has an effect on the prognosis of patients with ALHL.
The objective of this study, therefore, was to determine the appropriate treatment for ALHL with vertigo, by comparing outcomes of different treatment methods, and by analyzing factors affecting clinical characteristics, hearing status and hearing recovery. And we assessed differences in the prognoses of ALHL patients with and without vertigo.
MATERIALS AND METHODS
We conducted this study in compliance with the principles of the Declaration of Helsinki. The protocol of this study was reviewed and approved by the Institutional Review Board of Kyung Hee University Hospital (IRB No. 2017-01-009). Written informed consents were obtained.
The medical records of 84 patients aged ≥18 years who complained of tinnitus, ear fullness and/or hearing loss, but had normal tympanic membranes, and who received treatment for hearing loss confined to low frequencies on pure tone audiometry (PTA) between June 2005 and June 2015 were retrospectively analyzed. Patients were diagnosed with ALHL if they had otologic symptoms; average unilateral sensorineural hearing loss >30 dB at two connected low frequencies, 250 and 500 Hz, based on PTA; and normal hearing levels <25 dB at hearing thresholds of 1, 2, 3, 4, and 8 kHz [8] . Patients were excluded if they had Meniere's disease, acute or chronic otitis media, autoimmunologic ear disease, labyrinthitis fistula, or history of hearing loss or vertigo, or who met the audiological criteria for SSHL (particularly if accompanied by hearing loss of 1 kHz). The duration and frequency of vertigo, defined as subjective regardless of nystagmus, and of otologic symptoms, such as hearing loss, tinnitus and ear fullness, were analyzed.
Patients were treated with oral prednisolone, starting at 60 mg/day on days 1-4, 40 mg/day on days 5 and 6, 20 mg/day on days 7 and 8, and 10 mg/day on days 9 and 10. Patients who showed no sign of recovery within 2 weeks of treatment initiation, and those unable to take oral steroids for any reason, received intratympanic steroid injections twice weekly for 2 weeks. Some patients were treated with a diuretic, consisting of 25 mg hydrochlorothiazide once daily for 14 days or longer. Of the patients in the ALHL group without vertigo, 29 were treated with oral steroids alone, 15 with oral plus salvage steroids, and nine with steroid injections alone. Of the patients in the ALHL group with vertigo, four were treated with oral steroids, four with oral plus salvage steroids, 10 with oral steroids and diuretics, six with oral plus salvage steroids plus diuretics, and seven with diuretics alone.
Hearing thresholds were measured at 250 and 500 Hz by PTA before and after 8 weeks of treatment. The degree of audiological changes was classified into five grades [8] : complete recovery, defined as a reduction in hearing thresholds to ≤25 dB, which is within normal range, at all frequencies below 500 Hz; partial recovery, defined as a ≥10 dB reduction, relative to baseline, in hearing thresholds at frequencies below 500 Hz; unchanged, defined as <10 dB differences in hearing thresholds from before to after treatment; progression, defined as >10 dB increases in hearing thresholds at all low frequencies <500 Hz; and fluctuation, defined as a recurrence of ≥30 dB reduction in hearing function at low frequency after complete or partial recovery. Based on these definitions, patients were divided into a recovery group, which included patients with complete and partial recovery; and a non-recovery group, which included patients with unchanged, progressive and fluctuated hearing loss. Puretone hearing threshold was calculated as one fourth the sum of hearing at 500 Hz, 1 kHz, 2 kHz, and 4 kHz; and mean low tone hearing threshold was calculated as the average hearing thresholds at 250 and 500 Hz.
Statistical analysis
Audiograms obtained before and after treatment, as well as clinical characteristics of patients with and without vertigo, were compared by chi-square tests and t-tests. The Mann-Whitney Utest was used to compare age, sex, symptoms, time before treatment and hearing thresholds among the three treatment groups, as well as between the recovery and non-recovery groups. Hearing thresholds before and after treatment were compared by the Wilcoxon signed-rank test, and recovery rates of the three treatment groups were compared using the Kruskal-Wallis test. All statistical analyses were performed using the IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA), with a P-value <0.05 regarded as statistically significant.
RESULTS
Of the 84 patients, 53 (63%) were diagnosed with ALHL without vertigo. Before treatment, the mean hearing threshold on the affected side was 27.5 dB (10-42.5) and the mean threshold at low frequencies was 50 dB (27.5-70); after treatment, these thresholds were 13.7 dB (3.7-40) and 18 dB (2-57.5), respec-
The prognosis in patients with acute low frequency hearing loss is poorer in those with than without vertigo.
The hearing recovery rate in patients with vertigo tends to be higher in those treated with steroids than with diuretics alone. Table 1) . The remaining 31 patients (37%) were diagnosed with ALHL accompanied vertigo. Before treatment, the mean hearing threshold on the affected side was 28.7 dB (11.2-42.5) and the mean threshold at low frequencies was 45 dB (25-70); after treatment, these thresholds were 23.7 dB (11.2-56.2) and 40 dB (5-72.5), respectively (Table 1) .
A comparison of the two groups of ALHL patients with and without vertigo showed no differences in age, sex, affected side, onset of treatment, percentage with ear fullness, presence of underlying diseases and mean hearing thresholds on the affected side. However, tinnitus was significantly more frequent in patients with than without vertigo (P=0.044), and the mean low tone hearing threshold after treatment was significantly higher in patients with than without vertigo (P=0.020) ( Table 1) .
Factors influencing hearing recovery of ALHL patients with vertigo were evaluated by comparing those who experienced recovery (including complete and partial recovery) and non-re- ularly at 1 kHz, within 3 days of onset [11] . Some patients experience hearing problems only at low frequency, a condition described as acute low tone hearing loss [8, 12, 13] , ALHL [14] , endolymphatic hydrops without vertigo, cochlear hydrops, or cochlear Meniere's disease [15] . Although audiologic criteria are necessary to accurately diagnose ALHL and to compare treatment outcomes, no universal definition has yet been established. ALHL has been defined as the sum of hearing thresholds at 2, 4, and 8 kHz below 60 dB and the sum of hearing thresholds at 125, 250, and 500 Hz above 100 dB [12] . Alternatively, ALHL has been defined as the sum of hearing thresholds on the affected side at 125, 250, and 500 Hz above 80 dB, the sum on hearing thresholds on the contralateral side more than 40 dB lower, and the difference between the two ears 10 dB at 1-8 kHz being below 10 dB [9] . The subjects of the current study consisted of patients with ALHL who had degraded hearing acuity at 250 and 500 Hz and normal hearing acuity at 1, 2, 3, 4, and 8 kHz [16] . In contrast, patients with degraded hearing acuity at 1 kHz were excluded, as these audiologic criteria are considered diagnostic of SSHL. Additional studies are needed to determine diagnosis criteria for ALHL.
The major symptoms of ALHL include hearing loss, tinnitus, ear fullness and autophonia [12, 17] . Patients with ALHL have a better prognosis than those with SSHL. The recurrence rate of ALHL has been reported to range from 9% to 47%, with approximately 10% to 30% of these patients progressing to Meniere's disease [12, 17] . It has been hypothesized that ALHL and Meniere's disease are different stages of the same type of immune endocrine disease [18] , with several studies suggesting that ALHL is an early stage of endolymphatic hydrops confined to the cochlea. The study subjects consisted of patients with hearing loss at low frequencies of 250 and 500 Hz, accompanied by early stage disequilibrium or definitive episodic vertigo, The time between symptom onset and treatment initiation was significantly longer in the nonrecovery group (P =0.044) ( Table 2 ). However, there were no between-group differences in age, sex, affected side, presence of tinnitus, ear fullness, audiograms of the affected side before treatment and underlying disease ( Table 2) . Treatment outcomes in patients diagnosed with ALHL with vertigo were analyzed by comparing mean low tone hearing thresholds in three groups of patients: eight treated with oral steroids, with or without intratympanic steroids; seven treated with diuretics alone; and 16 treated with combinations of steroids and diuretics. Patients treated with steroids showed a statistically significant change in PTA, from 45 dB (35-60) before treatment to 37.5 dB (10-47.5) after treatment (P=0.010). Similarly, patients treated with combinations of steroids and diuretics showed a statistically significant change in PTA, from 47.5 dB (25-65) before treatment to 37.5 dB (5-65) after treatment (P= 0.021). However, patients treated with diuretics alone showed no change in low frequency PTA, from 45 dB (32.5-65) before treatment to 50 dB (27.5-72.5) after treatment (P= 0.214) (Fig. 1) .
Of the eight patients treated with steroids alone, four (50%) recovered completely, three (38%) recovered partially, one (12%) was unchanged, and none showed progression (Fig. 2) . The complete recovery rates in the steroids alone and steroids plus diuretics groups did not differ significantly (P=0.083); however, the complete recovery rates were significantly higher in the two steroid therapy groups (steroids alone and steroids plus diuretics) than in the diuretic alone therapy group (P=0.043 and P=0.037, respectively) (Fig. 2) .
DISCUSSION
SSHL is sensorineural hearing loss that occurs rapidly and inexplicably at three connected frequencies, 30 dB or higher, partic- which gradually diminished and eventually disappeared. Although hearing status is similar in ALHL with vertigo and Meniere's disease, patients without recurrence of vertigo were not regarded as having definite Meniere's disease. Differentiating ALHL from Meniere's disease is required for appropriate treatment of the former. Criteria for "probable Meniere's disease" may include two or more episodes of vertigo or dizziness, each lasting 20 minutes to 24 hours, along with fluctuating aural symptoms (hearing, tinnitus or fullness) on the same side. Factors reported to affect treatment response and prognosis in patients with SSHL include time from symptom onset to the start of treatment, occurrence of vertigo or tinnitus, type of audiogram and early stage hearing loss [5] . Moreover, recovery rates have been reported to be higher in patients with hearing loss in low to medium frequencies than in patients with high frequency hearing loss or hearing loss across all frequencies. In particular, SSHL patients with vertigo tend to have poorer prognosis than those without vertigo, with earlier treatment initiation in the former leading to better prognosis [19] . Consistent with this finding, our study showed that prognosis was poorer in ALHL patients with than without vertigo, but was better in patients who started treatment during earlier than later stages. Although these findings suggest that the clinical characteristics of ALHL are similar to those of SSHL, they do not have the same pathological mechanisms of action or belong to the same category of disease. Rather, as previously demonstrated, diuretics have been effective in treating ALHL, suggesting that the two diseases likely belong to different categories. ALHL with vertigo is more likely to progress to another condition than ALHL without vertigo. However, the presence of vertigo does not mean that the two diseases are different. Etiologically, ALHL involves an autoimmune response of the endolymphatic sac, which induces endolymphatic hydrops [8, 19] , suggesting that ALHL may be an early stage of endolymphatic hydrops. Thus, early stage ALHL may not be accompanied by vertigo, whereas ALHL with vertigo tends to have a higher probability of long-term progression to Meniere's disease.
Initial treatments for SSHL include oral steroids and/or intratympanic steroid injections, with the combination showing greater or equal improvement compared with either alone. Steroids are also the treatment of choice for ALHL, as this condition is characterized by an imbalance in Th1/Th2 lymphocytes, with steroids helping to counteract this imbalance [18] . In contrast, the ability of diuretics to improve hearing thresholds in patients with ALHL is unclear. Although diuretics have been reported to affect vertigo, by improving endolymphatic hydrops in patients with Meniere's disease, the audiologic benefits of diuretics in this condition have not been determined [20] . The combination of steroids and isosorbide has been reported to be more effective than either alone in restoring hearing in patients with ALHL [8] , with diuretics alone not significantly influencing ALHL recovery [9] . Consistent with these results, our study found that treatment with steroids or steroids plus diuretics resulted in statistically significant audiometric improvements, whereas diuretics alone did not. Moreover, complete recovery rates were higher in patients treated with steroids or combinations of steroids and diuretics than in patients treated with diuretics alone. The etiology of ALHL may include both endolymphatic hydrops and an autoimmune mechanism [8] . Thus, steroid therapy would be more effective than diuretics that reduce endolymphatic hydrops. Steroids have immunosuppressive and anti-inflammatory activities and may reverse autoimmune hearing loss caused by a sodium-potassium imbalance in endolymph. The lower rate of complete recovery in patients treated with diuretics alone may also be attributed to the low numbers of patients in the three treatment groups, as well as to the marked differences in these numbers, which may result in statistical errors.
In contrast to a previous study [8] , which showed that the combination of steroids and diuretics was more effective in restoring hearing than either steroids or diuretics alone, this study found no statistically significant differences between steroids alone and combination of steroids and diuretics, although both steroids and the combination of steroids and diuretics were more effective than diuretics alone. This discrepancy may have been due to the inclusion in the present study of patients who received salvage steroid injections as well as oral steroids, whereas the previous study only included patients who were treated with oral steroids.
The findings of this study suggest that, as in patients with SSHL, steroids should be included in the first line therapy for hearing recovery in ALHL patients with vertigo, with combination therapy considered depending on the duration of vertigo and the presence of recurrence. This study had several limitations. First, although treatment outcomes were assessed 8 weeks after initial treatment, long-term follow-ups were not performed. Thus, long-term changes in treatment outcomes, rates of recurrence of hearing loss and of fluctuating otologic symptoms were not determined. Second, the short-term period of this study prevented a determination of whether ALHL with vertigo progressed to Meniere's disease. Finally, the small sample size precluded comparative analysis of factors associated with vertigo. In conclusion, hearing recovery rate in patients with ALHL accompanied vertigo tends to be higher in those treated with steroids than with diuretics alone. Prognosis was poorer in ALHL patients with than without vertigo.
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